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QUESTION 1: What is an acceptable sensitivity, speciﬁcity, negative predictive value (NPV) and
positive predictive value (PPV) for a diagnostic tool for periprosthetic joint infections (PJIs)?
RECOMMENDATION: The validity of a diagnostic tool is traditionally measured by sensitivity, speciﬁcity, PPV and NPV. A perfect diagnostic tool
would be able to correctly classify 100% of patients with PJIs as infected and 100% of aseptic patients as non-infected. Without a perfect test available, we are left to balance between sensitivity and speciﬁcity; increasing one would reduce the other. To reduce the rates of false positives and
negatives it is extremely important to take into account the pretest probability for infection, derived from patient risk factors, clinical examination and any other examinations available at the point of assessment.
Table 1. Variety of diagnostic tools for PJI
Sensitivity (95% CI)

Speciﬁcity (95% CI)

Positive Predictive
Value (95% CI)

Negative Predictive
Value (95% CI)

Serum testing

98.5%*
(96.2-99.6)

100%
(97.6-100)

100%
(100-100)

97.5%
(93.7-99.1)

Synovial ﬂuid testing

100%*
(98.3-100)

100%
(85.2-100)

100%
(100-100)

100%
(100-100)

Intraoperative Findings

92.9%
(80.5-98.5)

95.8%
(78.8-99.9)

97.5%
(85.1- 99.6)

88.5%
(72.0-95.8)

Overall

96.9%
(93.8-98.8)

99.5%
(97.2-100)

100%
(99.7-100)

96.7%
(93.3-98.4)

Variable

CI, conﬁdence interval
*Sensitivity for being diagnosed as infected or for moving forward for additional workup.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 79%, Disagree: 10%, Abstain: 11% (Super Majority, Strong Consensus)
RATIONALE
The validity of a diagnostic tool is traditionally measured by sensitivity, sensitivity, PPV and NPV. Validity is the accuracy of a test, or,
whether a test measures what it is supposed to measure. A perfect
diagnostic tool would be able to correctly classify 100% of patients
with PJIs as infected and 100% of aseptic patients as non-infected.
Without a perfect test available, we are left to balance between
sensitivity and speciﬁcity; increasing one would reduce the other.
To reduce the rates of false positives and negatives, it is extremely
important to take into account the pretest probability for infection
[1–3], derived from patient’s risk factors, clinical exams and any other
exams available at the point of assessment.
When approaching a patient with a failed total joint arthroplasty (TJA), PJI should always be kept in mind. At diﬀerent points
and timing of the investigation, we are willing to accept diﬀerent
sensitivities and speciﬁcities. In a recent study, a stepwise approach
was used to develop an evidence-based algorithm for diagnosing PJIs.
This stepwise approach enables us to maximize sensitivity and speciﬁcity for each step based on the timing of the encounter, previous
tests available and invasiveness (Table 1).
In the ﬁrst patient encounter, we typically rely on risk factors,
clinical ﬁndings and simple serum markers to further guide us. At
an early stage we want the tests to be a sensitive as possible, as misdiagnosing an infection as aseptic could lead to devastating outcomes.
Interestingly, even if serum testing (as a screening tool) is negative,
the risk for PJI is 2.5%. This emphasizes the importance of a pretest
probability, patients with a high clinical suspicion based on timing
from last surgery (< 2 years), number of surgeries on the joint and
positive clinical ﬁndings such as erythema, tachycardia and reduced

range of motion should be further investigated to increase sensitivity in this stage [4–7].
Synovial ﬂuid aspiration is the next step in the investigation. In
recent years numerous markers have been shown to be highly sensitive and speciﬁc [8–15]. The fact that patients undergoing synovial
ﬂuid testing are already identiﬁed as having a high risk for PJIs, the
addition of the advantages of more knowledge about synovial ﬂuid
analysis garnered in recent years, allows the practitioner to have a
very good performance test with high sensitivity (100%) and high
speciﬁcity (100%). A majority of patients will be diagnosed in this
stage.
When a deﬁnite diagnosis is not made by this point, intraoperative ﬁndings should be used to aid in the diagnosis. Patients not diagnosed as infected or aseptic at this point are usually patients with a
dry tap or an overt infection in which the diagnosis is diﬃcult. Thus,
this stage holds a relatively low sensitivity and speciﬁcity and in 15%
of the patients reaching this stage, a diagnosis cannot be made. These
patients are often encountered in clinical practice and represent a
real diagnostic challenge. Pointing out this unique group of patients
promotes awareness in both clinical practice and calls for further
research and novel technologies to reduce the number of patients in
the gray area in an attempt to improve sensitivity and speciﬁcity in
these borderline patients.
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QUESTION 2: Does the presence of both an erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) below the periprosthetic joint infection (PJI) thresholds rule out the diagnosis
of a PJI?
RECOMMENDATION: Serum ESR and CRP levels below the threshold (as determined by the MusculoSkeletal Infection Society (MSIS) and International Consensus Meeting (ICM)) does not exclude the diagnosis of a PJI. Serum levels of ESR and CRP can be normal in some cases of PJI caused by
slow-growing organisms.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
The diagnosis of PJI is one of the biggest challenges facing the orthopaedic community. There is no absolute test for diagnosis; hence,
for a patient who is suspected to have a PJI, clinicians have to use a
combination of tests. The ﬁrst deﬁnition for PJI was developed by the
MSIS that was later modiﬁed by the ICM on PJI in 2013. Based on this
deﬁnition, the cutoﬀ for ESR was deﬁned as >30 mm/hr and >10mg/L
and for CRP (>100 mg/L for acute PJIs) [1]. According to the diagnostic
guidelines of the American Academy of Orthopaedic Surgeons
(AAOS), serum ESR and CRP are the ﬁrst line for screening patients
who are suspected for PJI [2]. The document introducing the MSIS
criteria for PJI explicitly stated that some of the diagnostic markers
including ESR and CRP may be normal in the presence of PJI caused
by slow-growing organisms that do not elicit physiological inﬂammation such as Cutibacterium acnes (C. Acnes) [3–5].
McArthur et al. [6] reported a 4% incidence of PJI cases that
were seronegative (negative ESR and CRP). Most of the patients
in this study who had PJI were infected with slow growing organisms including coagulase negative Staphylococcus, C. acnes and
Corynebacterium. Three patients in their cohort were infected with
virulent organisms; however, all had received antibiotics prior to
their diagnostic workup. Nozdo et al. [7] reported that PJI cases with
C. acnes induced a milder systemic response compared to methicillin-sensitive Staphyloccous aureus (MSSA) and that high clinical
suspicion and prolonged cultures were essential to diagnose PJI in

these patients. In another study by Figa et al. [8], authors showed that
C. acnes PJIs had below threshold values for ESR and CRP in over half
their cohort.
Combined ESR and CRP are also often falsely negative. Johnson
et al. [9] reported an 11.1% false negative rate for combined ESR and
CRP when the MSIS criteria were considered for diagnosis. Authors
concluded that this is due to an insuﬃcient inﬂammatory response
mounted by certain patients with PJI, leading to the muted serological levels. Other studies were in line with this ﬁnding: Saleh et
al. [10] concluded that combined ESR and CRP increased the speciﬁcity at a cost of sensitivity. Shahi et al. [11] reported the sensitivity
and speciﬁcity of combined ESR and CRP to be 84 and 47%, respectively.
Administration of therapeutic antibiotics prior to diagnostic
workups in PJI patients can also be a cause for falsely negative ESR
and CRP. This can be an additional source of missed diagnosis of
PJIs if only ESR and CRP are utilized for screening, as was shown in a
study by Shahi et al. [12].
Diagnosis of acute PJI in the early postoperative period is also
a challenge as these markers are usually elevated in this phase.
Alijanipour et al. [13] did a retrospective study and investigated the
suggested thresholds for serological markers. Authors concluded
that a diﬀerent threshold should be used for evaluating patients
in the early postoperative period. In another study by Yi et al. [14],

